To assess the efficacy of bioresorbable mesh in reconstruction of orbitocranial deformities. Methods: A retrospective case series evaluating 6 orbits of 6 patients, ages 12 to 70 years old, with large multicontoured orbitocranial defects that were repaired using bioresorbable macroporous mesh. Both functional (presence of diplopia, ocular motility, exophthalmometry, and vertical globe position) and cosmetic outcomes were evaluated.
O rbitocranial deformities can cause both functional and cosmetic defects. Reconstruction of large orbitocranial defects can be challenging to orbital and craniofacial surgeons. Numerous techniques using both alloplastic and autologous implants have been previously described. [1] [2] [3] [4] Autologous bone grafts are well tolerated by the host but have varying degrees of resorption and may be difficult to shape in multicontoured areas. 4 Among the autologous bone grafts, split calvarial bone grafts and iliac crest are the most commonly used. 5, 6 Alloplastic implants have the advantages of being readily available, easy to handle and contour, and undergo minimal resorption. 7, 8 Alloplastic implants, however, are permanent foreign bodies that are susceptible to infection and exposure over time. 9 Absorbable macroporous mesh is an alloplastic implant that facilitates bone regeneration, is easily moldable, and undergoes complete degradation in 18 to 36 months. 10 -12 This study describes our experience with the use of combined absorbable macroporous mesh and autologous bone grafts in the reconstruction of large, complex orbitocranial defects.
METHODS
The medical records of 6 patients with orbitocranial deformities were retrospectively reviewed. UCSD Human Research Protections Program approval was obtained for this study. Table 1 summarizes the patient data. There were 3 male and 3 female subjects. Their ages ranged from 12 to 70 years, with a mean of 37.2 years. The diagnoses were eosinophilic granuloma (patient 1), fibrous dysplasia (patients 2 and 5), intraosseous hemangioma (patient 3), meningioma (patient 4), and trauma (patient 6). The follow-up time ranged from 16 to 48 months, with a mean of 29.1 months.
Three patients had superior and lateral orbital rim and wall defects; two had superior orbital rim and wall defects; and one had combined inferior and lateral orbital rim and wall defects. All patients had a coronal incision for exposure and/or bone graft harvesting. This was combined with a transconjunctival incision and a lateral canthotomy in one patient who had the inferior rim defect (patient 3).
Through the coronal incision, excision of the tumor was performed before reconstruction in four patients (patients 1, 2, 4, and 5); in patient 6, the posttraumatic orbital bony defect was dissected and isolated. In patient 3, the tumor was removed through the transconjunctival incision. After complete dissection, the orbital reconstruction was initiated by assessment of the extent of the orbitocranial defects. A sterilized skull model was used as a guide to shape the implant. A custom-made skull model via stereolithography (Medical Modeling, Golden, CO) ( Fig. 1 ) was used in the three pediatric patients 1,2,5 and a standard skull (Macropore, San Diego, CA) was used in three adult patients.
3,4,6 A 1-mm-thick bioresorbable macroporous mesh (Macropore, San Diego, CA) was used to create a template after immersion in a warm water bath (55°C), creating a 10-to 15-second period of malleability (Fig. 2 ). Heating and bending was repeated when necessary with addition of warm water through a syringe. The malleable mesh was then contoured on the skull model to precisely match the orbitocranial defect. Split-thickness calvarial bone grafts were then harvested. Side table assembly of the implant was then performed by using 1.5-mm macroporous tacks to line the template with bone grafts. The assembled implant with the fixated cranial bone graft was then placed on the recipient bony defect and secured with 1.5-mm macroporous screws or tacks to complete the reconstruction. Further contour adjustments were made in situ with warm water from a syringe. Main outcome measures were the presence of diplopia, ocular motility, exophthalmometry, vertical globe position, and cosmesis.
RESULTS
All patients had cosmetically pleasing results. Table 2 summarizes the functional outcome measures. Three of the 6 patients (patients 1, 3, and 4) who reported preoperative diplopia had resolution of their diplopia after surgery. There were no new cases of induced diplopia or decreased ocular motility after surgery. Three patients (patients 1, 3, and 4) with diminished ductions on the affected side before surgery had improvement (patients 1 and 4) or full motility (patient 3) after surgery. Three patients had exophthalmos (patients 3, 4, and 5) before surgery. After surgery, exophthalmos was reduced in 2 patients (patients 3 and 4) and resolved in 1 patient (patient 5). Enophthalmos resolved in the one patient with preoperative enophthalmos (patient 6). However, one patient had development of new enophthalmos (patient 2).
Three patients had preoperative hypoglobus that resolved after surgery in two patients and improved markedly in one patient. Patient 4 had 6 mm of hypoglobus before surgery and 2 mm after surgery. One patient had new onset of mild postoperative hypoglobus (patient 2). Hyperglobus was present in 1 patient preoperatively (patient 3); it improved postoperatively from 6 mm to 2 mm.
Complications included postoperative upper eyelid ptosis in two patients (1 and 6). Patient 6 required a levator advancement. Spontaneous resolution occurred in patient 1. Patient 4 had inadvertent skin opening from a retractor during surgery. 
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This area of skin was thinned from previous external beam radiation for a frontal meningioma and from five previous craniotomies. This skin breakdown required a microvascular free flap for reconstruction. No cases of implant fracture or erosion occurred.
DISCUSSION
Orbitocranial bony defects can be reconstructed by using different techniques and implant materials. In this 
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study, we used absorbable macroporous sheeting with scaffolded autologous cranial bone grafts to reconstruct large orbitocranial deformities from a variety of causes. Autologous split-thickness cranial bone grafting has minimal morbidity and no obvious donor site deformity. 5 Besides the utility in harvesting grafts of varying sizes, a coronal approach is usually performed for major orbital reconstruction. One of the main disadvantages of calvarial bone grafts is its lack of malleability. Combining calvarial bone grafts with a malleable sheet provides accurate reconstruction of multicontoured orbitocranial defects.
MacroPore is an absorbable macroporous sheet, which is a polymer, combined of 70% L-lactide and 30% DL-lactide. It has the quality of being easily moldable and rigid like other alloplasts and facilitates bone regeneration through an osteoconductive process. 10, 11 This polymer retains approximately 70% of its initial strength after 9 months and approximately 50% after 12 months. It is completely resorbed via hydrolysis in approximately 18 to 36 months. 10 One benefit of this resorbable property is that the permanence of a foreign body is eliminated and that image scattering on CT is avoided. In the pediatric population, growth restriction, a theoretical concern when using a rigid fixation with metallic plates and screws, is also avoided. 9 Because of its malleability by immersion in the 55°C water bath, macroporous mesh can be easily shaped for contouring on the sterilized model to make an exact template for bone grafts. In situ adjustments and molding can also be performed with warm saline irrigation to fit the complex defects of the orbital skeleton. The porous nature of the mesh allows fibrovascular integration that may potentially decrease the incidence of extrusion, migration, and infection before its resorption. There is a theoretical concern that extraocular muscles may adhere to the implant; however, no induced ocular motility limitation was found in this study after surgery. Additionally, although no complications were seen in this study related directly to the resorbable macroporous sheeting, theoretical issues with absorbable implants include foreign body reaction, sterile fluid collections, and palpability of the implant.
Although this procedure does incur some additional material costs, we believe that the superior ability to configure a precise implant replica of the bony defect far outweighs the limited ability to configure complex threedimensional orbitocranial anatomic replicas using splitthickness calvarial bone grafts alone. A controlled, prospective study would be required to prove this; however, our experience leads us to believe that this method is superior.
The limitations of this study are its retrospective nature, small case numbers, and relatively limited longterm follow-up (19 months) in two cases. Nonetheless, objective and subjective improvement was noted in all patients.
In conclusion, bioresorbable macroporous mesh combined with autologous cranial bone grafts offer a useful alternative in the reconstruction of large complex orbitocranial deformities. Further prospective studies with longer follow-up are needed to determine the true utility of this technique. 
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